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Abstract
For the Cal Poly Music Department’s 2018 production of RSVP, a group of mechanical
engineers teamed up with musicians, dancers, actors and writers to produce a unique transmedia
experience using an electromechanical rotating stage as the centerpiece. This production was
dedicated to allowing students to showcase their music, acting, and dancing talents in a single
theatrical performance.
The show’s producer, Dr. Antonio Barata, envisioned the 2018 RSVP show “Fatherland” to be
built around a multi-speed turntable stage. The turntable stage had to be seamlessly integrated
into the show: safe for operators and performers, completely silent, and aesthetically versatile. In
order to rise to achieve this level of seamless integration, the mechanical engineering senior
project team had to design, test, and build the stage while working closely with students from the
Music and Theatre Departments to ensure their needs are met.
For this project, the team had to work across multiple disciplines in order to build a stage that
surpasses everyone’s expectations. From an engineer’s standpoint, the turntable must be reliable
and constructed within certain constraints for performers to safely hop on and off. Some of the
performers’ concerns were that the stage be quiet enough to not distract from any of the acts,
have variable speeds for different theatrical effects, and be adaptable in both speed and aesthetic
in order to complement the entire show.
This project was completed after finishing the manufacturing and testing of the stage. The stage
was already used in the final RSVP performances, on May 29th and 31st, 2018. The stage was
also presented in the Senior Project Expo on June 1st, 2018.
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Chapter 1: Introduction
This senior project was done in collaboration with Cal Poly’s RSVP, an annual performance
showcasing original works from Cal Poly’s actors, dancers, and musicians. For RSVP XXIII:
Fatherland, the centerpiece of the show
at different points of the show so that they could repeatedly queue and execute them. Feedback
from the actors was collected during rehearsal to decide on what they wanted during different
scenes, thus, the system was able to change speeds easily on the fly. was to be a turntable stage
that contributed a unique theatrical effect. The project consisted of designing, testing, and
building this rotating stage in collaboration with the sponsor, Dr. Antonio Barata from the Cal
Poly Music Department.
A significant portion of this project involved incorporating the stage into the theme and
programmatic content of RSVP. The team worked closely with writers and composers to
determine their expectations for the aesthetic and practical qualities of the stage to elevate the
overall production. They set the speeds needed
The senior project team had the special opportunity to work with students and staff across
several departments. Students from the Music, Theatre, and Dance Departments composed,
wrote, and choreographed original works for RSVP every year. The team was honored to be able
to support those talented peers, literally and figuratively.
The backgrounds, interests, and experience contributed to the diversity of this team. Team
members included:
Liam Martinez is a 4th year Mechanical Engineering major in the General
Concentration. In addition to his academics, he also runs on the Cal Poly Track
& Field Team, where he leads the team of 100+ as Captain. He also represents
the team on the NCAA Student-Athlete Advisory Committee, where he helps
bridge the gap between athletes and administrators, while orchestrating
community service events to better the relationship between the San Luis
Obispo community and athletic department.
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Isaac Becker is a 5th year Mechanical Engineering major in the General
Concentration. He has played tenor saxophone in Mustang Band, Wind
Ensemble, and several sax quartets since coming to Cal Poly. Isaac is
incredibly excited about this collaboration between the Mechanical
Engineering and Music Departments.

Caroline Whelan is a 5th year Mechanical Engineering major in the
Mechatronics Concentration. She wants to pursue product design engineering
focusing on industrial design within that. She has always loved the fine line
that design borders between art and engineering and has wanted to find a niche
that encapsulates that. Outside of her studies, Caroline is a leader for Poly
Escapes; she adventures into the backcountry and ensures students can
experience the outdoors in safety while learning that nature can be fun and
accessible.
Robert Reed is a 5th year General Mechanical Engineering student. One of his
goals in life is to have a partial knowledge of everything. He believes working
hard for this attribute is the single best way to be able to talk and connect with
anyone, regardless of how different their life experience is. He can be found at
local trivia events, the basketball courts, or on campus chatting with an old
friend or a new stranger.
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Chapter 2: Background
Summary of Customer Observations
The primary customer of the project was the producer of RSVP’s spring show, Dr. Greg Barata.
The team originally conferred with Dr. Barata on September 29th, 2017. During this meeting, the
project expectations, the bare minimum requirements that the product must meet, and other ideal
features that are not necessary to the stage’s function were discussed and agreed upon. The main
objective of the meeting was to thoroughly outline the problem presented and the solution’s
necessities.
Dr. Barata described that the basis of the project is to create a rotating platform that will serve as
the centerpiece for RSVP. The actors, dancers, and musicians in the show will use the platform
as both a prop and a stage and will need to easily and safely get on and off while walking,
running or dancing. To properly play its role as the centerpiece, Dr. Barata said that the
minimum stage diameter would have to be 8 feet and it would have to hold at least four people.
The show took place in the PAC Pavilion, a black box theatre that has no distinct stage
separation between the actors and the audience. Thus, the platform must be quiet and
aesthetically pleasing enough to not distract from the show during operation within a few feet of
the audience. The platform must also not leave any trace on the stage after the performances, so
it must not permanently anchor to the floor in any way.
Dr. Barata described that the reason that they will not be pursuing a commercially available
version of this platform is due to their high cost. Dr. Barata has allocated a maximum of $3,000
to this project. Since this funding is coming from Dr. Barata’s personal savings for the RSVP
project, he would prefer that the team spend as little as possible. The team has applied to the CP
Connect Grant to supplement the existing funding, with the goal of spending less than $1,000 of
the money Dr. Barata has provided.
Discussion of Existing Designs
The ideation for the project began with research into what is currently on the market for turntable
stages. Table 1, on the following page, lists other products similar to the design required by the
problem at hand. The scale used for ratings was set to have a “1” to indicate a poor performance
and a “5” for a great performance in each respective category.
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Table 1. Existing Designs
Name

Noise (1-5)

Portability (1-5)

Cost

Carrying Capacity

Height

All Access 6’
All Access 8’
All Access 18’

5
5
5

4
4
4

$5,300
$6,300
$7,300

350 lbs
2,000 lbs
5,000 lbs

9”
1’ 4”
2’ 1 ½ ”

Motorized TurntableMIT Senior Project

4

2

$2,100 [4]

10,000 lbs

Not
Specified

CarTurner 15’

2

4

$11,900

>5,000 lbs

3”

Even though some of the products fulfilled the goals of the project specified by Dr. Barata, all of
these products were well outside of the budget that he hoped to put towards the project. These
products provided good inspiration for how the project’s goals may be achieved; however, they
should be reached in a more economical way. Additionally, the team researched existing patents
within this branch of technology in order to avoid encroaching on others’ intellectual rights.
They are listed below in Table 2.
Patent Search Results
Table 2. List of Patent Search Results
Patent #
Pub. Date
Author
US20140261052 Sep. 18th, 2014
Disney
th
US1979363
Nov. 6 , 1934
Warner Bros.
th
US3383810
May 21 , 1968 Oswaldo Mora

Citation
[1]
[2]
[3]

Table 2 above contains existing patent data for various revolving stage concepts dating back to
1934. As seen by the author column, two of the three designs were submitted by media
companies, for use in film or related purposes.
Summary of Relevant Technical Literature
As Table 1 highlighted, an existing senior project was completed by MIT students, who provided
a general overview of drivetrain analysis as well as platform construction for a 20’ diameter
revolving stage in their report. Specifically, the ability to accelerate at 2.46 rotations/s2, while
maintaining a 10,000 lb load, and a motor rating of 2 HP. The cost analysis revealed a material
costs of just under $2,100, with the majority of the cost derived from the 40 castors required to
support the platform.
Although analysis was performed in the aforementioned report, it failed to consider several
factors including the friction of the driving hub, noise, drivetrain losses, portability, and more.
Additionally, some results appear to have significant error, such as the acceleration of 2.46
rotations/s2. Outside of the report from MIT, the team was unable to find any other industry
codes, standards, or regulations pertaining to theatrical turntables. The research concluded that as
a niche market, theatrical turntables would not be held to any standards outside of necessary
safety guidelines.
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Chapter 3: Objectives
Problem Statement
RSVP is an annual performance showcasing Cal Poly’s innovative actors, dancers, and
musicians. For this year’s production, RSVP featured performances carried out on a rotating
platform; unfortunately, the music department was unable to afford an expensive commercially
available turntable. The device had to be safe, easy to use, and able to support the performers
who may be standing, running, or jumping, without being fixed to the stage. In order to
complement the show’s aesthetic, the platform had to minimize visual and audible distractions.
Boundary Diagram
The boundary diagram in Figure 1 demonstrates generally what the team had control over for
this project and how those things would interact with other things outside of the team’s control.

Figure 1. Boundary Diagram
After the initial interview with the sponsor, the needs and wants of the project were summarized,
and are displayed on the following page in Table 3. These needs and wants were used in
conjunction with the research on alternate products within the field to create a Quality Function
Deployment Chart (QFD), which can be found in Appendix A. The QFD chart assessed who the
customer was, how important each of their needs are relative to each other, how well competitor
products accomplish those needs, and how well the current engineering specifications of the
10

design fit these needs. In essence, the QFD determines how well current solutions and the
intended solution complete the task at hand.
Table 3. Needs and Wants
Needs
Near-silent operation
Safe for operators & performers
Easy assembly & disassembly
Supports minimum of 4 people
Minimum diameter of 8 ft.
Maximum step height of 1 ft.

Wants
Complements show aesthetic
Variable-speed drive
Easy transportation for future use
Supports a maximum of 8 people
Maximum diameter of 16 ft.
Step height of 7 in.

Additionally, the finalized engineering specifications shown in Table 4 below were developed
with the sponsor’s wants/needs and the results of the QFD table.

Spec #
01
02
03
04
05
06

Table 4. Engineering Specifications
Parameter Description
Requirement
Tolerance
Operating Volume
Stage Height
Supporting Weight
Diameter
Edge Speed
Load Drop-Off Speed

50 dB
1 ft
1000 lbs
12 ft.
4 mph
< 0.5 mph max

Max.
Max.
Ballpark Min.
Min.
Min.
Max.

Risk
High
Low
Moderate
Low
Moderate
Low

Compliance
T
I
A, T, S
I
A, T
I

High Risk Specifications
The volume of the turntable in operation was to be tested with a decibel meter. The minimum
weight that the table will be able to support was calculated with basic stress analysis, compared
to existing similar designs, and tested with weights. The diameter of the turntable was to be
approximately 12 feet and was to be measured to verify that this specification is met. The speed
at the edge of the table was calculated with a simple dynamic analysis. Because the audience was
to be close to the stage, it had to produce as little sound as possible. Anything above 50 dB
would be noticeable. Another engineering specification identified was the carrying capacity of
the turntable. Although it as it wouldn’t be too difficult to achieve, because of its very close
relationship with the safety of the actors, it was given a medium risk label.
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Chapter 4: Concept Design Development
Concept Development Process
This project was largely defined within the problem statement itself. The primary design
definitions were that the stage must rotate, be approximately stair height, be at least 8 feet in
diameter, and cost as little as possible within reason. These constraints were input into a
functional decomposition diagram, provided in Appendix L, to begin the ideation process. The
diagram helped determine methods to measure specifications for each mechanism. These aspects
were ease of set-up, variable speed, cost effectiveness, sound, capacity, aesthetic, height, safety,
and means of powering the stage.
The second and third ideation sessions are shown in Appendix D. These ideation sessions
consisted of defining the mechanisms that would need to be decided upon before incorporation
into the final design. Three mechanisms were chosen for further deliberation. These included the
motor-table interface, the stage location, and the anchor-floor interface.
Concept Selection Process and Results
Different concepts were considered for each primary mechanism of the stage. Ideas for the
motor-table interface include a gear drive, a pulley drive, an internal rim drive, and an external
rim drive. The gear and pulley drive concepts were similar in their method of driving the stage:
the motor shaft would transfer power to the stage’s central shaft via gears or pulleys. While a
gear drive would be best at transferring power and minimizing sound, it would fall short in
almost every other way compared to the other means of driving the stage. A pulley-driven stage
would be less expensive than a gear-driven stage, but it would still fall short in terms of its ease
of set-up and impact on overall system size. The internal and external rim drives both used the
same concept of directly driving the stage by having wheels attached to motor shafts rotate
against the stage’s rim. An internal rim drive would house the motors inside the stage while the
external rim drive would house the motors outside the stage within a hollowed-out portion of the
stationary step. Despite the rim drive concepts being so similar, the external rim drive had the
benefits of being easier to access for setup and maintenance. The external drive’s main
shortcoming was the potential for more noise to leak out to the audience. The decision matrices
found in Appendix B led to the initial selection of the external rim drive for the motor-table
interface.
After selecting a concept for the driving mechanism, a similar selection process was used to
choose the best stage location mechanism. The four strongest ideas that were considered were a
stationary shaft, a rotating shaft, a conical stage and base, and rails to guide casters. The
stationary shaft would consist of a shaft extending from a solid base connected to the stage
through a bearing. The rotating shaft would be similar in function, but the shaft would be part of
the stage and prevent movement via a bearing attached to the base. Results from decision
matrices established both shaft concepts as being harder to manufacture and set-up. Despite these
results, the shaft concepts have not been completely ruled out and will be examined further in the
coming weeks. The cone idea would essentially have the bottom of the stage be conical and fit
into a hollowed-out cone shaped base. This concept would have a high cost, a difficult
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manufacturing process, and a large step height. A conical stage is not the right solution for this
project. The best mechanism as determined from the decision matrices was the use of rails to
guide caster rotation. A single track could be used to ensure that a ring of casters rotates around a
central axis, preventing the stage from translating. This design would theoretically be easy to
manufacture, set up, and interface with the anchoring mechanism.
The anchoring mechanism was the last concept established using design matrices. In order to
prevent the turntable assembly from moving, the following concepts were evaluated: a large
weight placed at the central shaft in conjunction with high friction material, large weights placed
along the rails in conjunction with high friction material, and vacuum suction cups affixed to the
base/rails. Both of the large weight ideas functioned the same and only differed in the location of
the added mass. These concepts utilized an increased friction force to resist any lateral loads on
the stage. Drawbacks of these ideas included high potential for damage to the floors and difficult
set-up. The suction cups were thought to work best in conjunction with high friction material.
This would have required basic manufacturing of brackets to affix the suction cups to the base of
the stage. There would’ve been little required work beyond that for this anchoring mechanism to
work.
Preliminary Analyses, Concept Models/Prototype
The mechanism for the motor-table interface was partially decided via concept modeling. Three
model designs were created in Solidworks to simulate the static shaft, rotating shaft and rail
design. The initial designs are provided below and on the following pages in Figures 2-4. The
rotating and static shafts (Figure 2) are designed into one concept model prototype that is
reversible, so if inverted the static piece switches. In these designs the base locates the stage. In
the third concept model prototype (Figure 3), the stage is not constrained by a shaft but is instead
located by an external track ring. The concept model prototypes all used ball bearings to simulate
casters in this design and were powered by a small remote-controlled car motor using external
rim drive. The final rig with the motor is shown in Figure 4.

Figure 2. Reversible Static/Rotating Shaft Design
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Figure 3. Track-Located Design

Figure 4. Concept Model Prototype Rig
The concept model prototype immediately enlightened a large area of concern for the final
turntable design. The ball bearings in the track were extremely loud within the hollow stage.
Though sound was already a concern, the motors were originally suspected as being the main
source of sound. Prototyping brought attention to the fact that the casters would also have to be
optimized for sound. This pointed to the need for a scaled concept model prototype that
accurately models the sound of the table such that different soundproofing techniques can be
tested.
Preliminary calculations were performed to analyze the force needed to prevent the stage from
sliding should an actor/actress jump onto it laterally. An initial estimate of the worst-case leap
was estimated. The hand calculations can be seen in Appendix C.
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The worst-case leap assumed a lateral distance of five feet and a height of two feet. The leap
distances and approximate elapsed time allowed a final velocity to be determined upon impact
with the stage. This velocity was calculated to be 2.16 m/s in the radial direction. A time estimate
to stop the performer after the impact was 0.15 seconds. The resulting force of the impact was
calculated to be 1300 N or 300 lbf. Using a conservative factor of safety of 2.0, the necessary
lateral force to restrict the movement of the stage was 2600 N or 600 lbf.
As a result of the analysis, the stage needed to provide at least 600 lbf in the form of static
friction with the floor below.
Detailed Description of Initial Selected Concept

Figure 5. Detailed Solid Model
The selected model concept, as seen in Figure 5, is constructed of an external track ring that
locates the stage to the base below. The ring and base combined constrain the stage to rotate
along a circular path. The inner ring featured in the figure represents the outermost locations of
casters, where a wheel attached to the inner ring will contact the outer rail to prevent rubbing of
the stage between the two surfaces.
Not shown in Figure 5 are the locations of the electric motors driving the stage, which will drive
the stage on its exterior surface. The motors and driving wheels will be placed symmetrically
around the outer perimeter of the stage.
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Selected Initial Concept Functionality
Below are the descriptions of the initially selected designs based off of the very small scale
prototyping and ideation sessions.
External Drive: The external drive will work by placing three or five motors along the external
perimeter of the stage rather than placing them underneath the stage. This design was chosen
because it will be much easier to access the electronics and components of the drive. The
potential downside of this design will be the noise level of the motors. This can hopefully be
mitigated via soundproofing. The moving parts and electronics of the drive will be hidden within
a stationary step that circles around the entire stage to protect the dancers and actors.
Track Stage Location: The decided way the stage will be located will be a train-track-like
circular track design. The stage will be constrained by inserting casters into the track and then
anchoring the track to the floor. This will allow the stage to spin freely, while not sliding in the
presence of a lateral force. This design is believed to be easier to manufacture and to set up/tear
down than other alternatives.
Stage Location to Floor Anchoring: The stage location will need to be anchored to the floor in
order to prevent the stage from sliding. Vacuum suction cups were the chosen mechanism for
this function. These anchor to flat surface by creating a sealed vacuum. The suction cups will
then be connected to the tracks so that the stage will not move when loaded laterally. This design
will need little to no manufacturing, except for the mechanism needed to attach the vacuum cups
to the tracks.
Discussion of Risks and Unknowns with Initial Concept
One of the primary concerns with the initial concept was the risk of the rail below the turntable
failing to be concentric enough to provide smooth operation. To minimize the risk, the
manufacturing of the rail system would require tight tolerances. Another major concern was
preventing the stage from rubbing against the rail; however, the rubbing could be prevented
through the use of contact wheels along the edge separating the two surfaces.
Another unknown was the method to manufacture the final design using the initial concepts.
With a stage diameter of 12 feet, understanding how to best manufacture the final design is
important to ensure proper function as well as to minimize manufacturing and assembly time.
An additional concern with the anchoring concept was the contact between the suction cups and
the floor below. The porosity, roughness, cleanliness, and flatness of the floor can all greatly
reduce the strength of the connection between the two surfaces, potentially preventing the cups
from forming a proper seal.
Noise was still one of the biggest concerns for this project. There are ways to design components
of the stage to absorb as much sound as possible, but these design processes will take significant
time and potentially more funding than initially anticipated. Soundproofing the stairs and stage to
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prevent motor and caster sound from leaking out to the audience was likely the most effective
means of maintaining a quiet stage.
Prototype Development
The Initial Concept Design was revised before making a scaled prototype of the final design, the
main changes are outlined below in Table 5.

System

Table 5. Major Concept-to-Final Design Changes
Initial Design
Final Design
Outer Rim Drive:
Motors drive wheels pressed
against the outer edge of the stage.

Upward Facing Drive:
Six small motors with drive wheels
facing upwards against the bottom
face of the stage, under the bearing
blocks were two leaf springs
intended to aid the drive wheel in
keeping contact pressure.

Rail Locating System:
Casters run in a track around the
edge of the stage.

Pipe in Pipe Locating System:
Two concentric pipes constrain
stage to rotation about fixed point
on base.
Stationary Web Location:
Weight of support frame and stage
top will be sufficient for stage to
stay still.

Drive System

Stage Location
System

Anchoring
System

Suction:
Anchors the stage to the floor by
using strong vacuum suction cups.

Many of these changes originated from a meeting with Clint Bryson, the technical director for
Cal Poly’s Theatre & Dance Department. He helped simplify design components and provided
suggestions for improving the overall performance of the stage.
These changes were implemented in a scaled prototype prior to executing them on the full scale
model. On the following page in Figure 6 is the CAD of the full design and in Figure 7 is CAD
of the support web. This scaled stage was only 4 feet in diameter and used only three of the
intended six small motor assemblies.
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Figure 6. CAD for the Prototype Stage

Figure 7. CAD for the Prototype Support Frame
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Manufacturing was broken into three main assemblies: the motors assembly, the support web and
the stage top. Once fully assembled there were a few key concerns with each of the designs,
which are detailed below.
1. Buckling in the Stage Top
After assembling and placing the stage top upon the web casters, it was found that there
was a lot of give between the leaves. Figure 8 below contains photographs of a single leaf
and the assembled stage top, respectively.

Figure 8. Single Leaf of the Prototype Stage Top and the Fully Assembled Stage Top
It was decided that the buckling was caused by the combination of not having enough
casters supporting each leaf underneath the stage and insufficient overlap between the
leaves. And so, the design was altered to have one more leg than the total number of
leaves in the stage top, such that each leaf will have at least three casters supporting it at
any given time. And the overlap angle was increased from 15 degrees to 45 degrees.
2. Hardware Sturdiness
After assembly, it was found that both the blocks holding the motor assemblies up and
the brackets holding the support web together were not sturdy enough to stand up to the
repeated loads that the stage top exerted on them. On the following page, in Figure 9, is a
photo of the finished web indicating the pieces that needed to be changed for the final
design. The hardware for each of these assemblies was changed from wood to metal for
the final product to make them more durable.
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Figure 9. Annotated Prototype Support Web
3. Motor Power and Shaft Stress
The small motors that were originally intended for the final stage were not able to power
the prototype stage. Because of their poor performance, the motor assemblies were
redesigned for the final stage. Additionally, the control for the motors proved to increase
in difficulty with the number of motors. Below, in Figure 10, is a screenshot of the CAD
model and a photograph of the partially manufactured motor assembly, respectively.

Figure 10. CAD Rendering and the Prototype Motor Assembly
It was also found that since the leaf springs did not support the whole assembly, they held
the motor shaft in stress whenever the stage top was not sitting on the assembly. In order
to mitigate the stress in the shaft, the two leaf springs were exchanged for four axial
springs supporting a plate that held the entire motor assembly.
20

Chapter 5: Final Design
Design Changes since CDR and the Scaled Prototype
Table 6 below describes the design changes that happened in between our scaled prototype for
CDR and the final stage.
Table 6. Major Design Changes from Prototype to Final Stage
System
Prototype Design
Final Design
Upward Facing Drive:
Upward Facing Drive:
Six small motors with drive wheels Two large motors with drive
facing upwards against the bottom
wheels facing upwards against the
face
of
the
stage
top,
under
the
bottom face of the stage top, the
Drive System
bearing blocks were two leaf
whole assembly rests on four axial
springs intended to aid the drive
springs to maintain contact
wheel in keeping contact pressure. pressure.
Stage Location
System

Anchoring
System

Pipe in Pipe Locating System:
Two concentric pipes constrain
stage to rotation about fixed point
on base.
Stationary Web Location:
Weight of support frame and stage
top will be sufficient for stage to
stay still.

Pipe in Pipe Locating System:
Two concentric pipes constrain
stage to rotation about fixed point
on base.
Stationary Web Location:
Weight of support frame and stage
top will be sufficient for stage to
stay still.

Functional Description
The functional goal of the turntable is to safely rotate everything upon the stage top at a walking
speed. Some significant changes have been made to the design since the concept design was
developed. There are two main subsystems contributing to the functional success of the final
design, which are shown in Figure 11.
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Figure 11(a). Stage Top Assembly
The stage top subassembly is shown in Figures 11(a), (b), and (c). The stage top is composed of
interlocking plywood leaves. Two offset layers allow for a sturdy stage with smooth transitions
between casters. At the center of the stage top, the bottom layer of plywood is bolted to a disk
that is welded to the end of a pipe. This pipe rotates with the rest of the stage top while held in
place by a larger static pipe fixed to the support frame subsystem.

Figure 11(b). Disassembled Leaves of the Stage
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Figure 11(c). Complete Stage Top Assembly

Figure 12(a). Support Frame Assembly
The support frame is the second subsystem in the final design and shown in Figures 12(a) and
(b). The frame consists of a central platform with ten 1”x6” planks extending radially outward.
Casters are wood glued and screwed at specific location along the planks in order to avoid
23

interference with the stage top’s bolts. The stage is driven by two 24V worm gear motors that are
held on by motor assemblies shown in Figure 13 below. The motor mounts include self-aligning
bearings, a ½” stainless steel drive shaft, and a 4” drive wheel. Contact pressure is maintained
through the use of springs, which compress when the entire assembly is under the pressure of the
stage top. An earlier iteration of the design utilized leaf springs that would deflect so that the
drive shaft would be in line with the motor when loaded. This design had many potential failure
modes that were eliminated by supporting the entire assembly on standard axial springs. The
motor assemblies bolt into threaded inserts so they can be easily removed and reattached to the
support planks.

Figure 12(b). Support Frame with Casters

Figure 13. Motor Assembly CAD
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Supporting Analysis
Analysis was completed to establish performance criteria that components and subassemblies
will have to meet. The analysis began with estimated forces for the maximum loads the stage
will experience during its runtime. In order to estimate the maximum loads, a worst-case
scenario was assumed with eight actors on stage and one actor leaping onto the stage from a
distance. The primary reason for analyzing this situation was to calculate the resultant forces on
the center shaft of the stage. The calculations for this analysis may be reviewed within Appendix
H. The results indicated that the maximum horizontal load the center shaft will experience would
be a force of 600 lbf for a 200 lbf actor jumping from a distance of 5 ft from the stage at a
maximum height of 2 ft. The distances were estimated experimentally by the Theatrical
Turntable team’s own experimental leaping distances.
The next major analysis was performed to calculate the power required to achieve the desired
speeds of the stage. As seen in Appendix H, the analysis revealed a relationship between the
stage’s maximum speed at the outer edge and the motor torque. Due to the variety of input
parameters required to define the motor torque, the parameters and equations were input into a
spreadsheet for an efficient iterative analysis. The maximum speed of the stage at its outer edge
was chosen to be 3.5 mph, correlating with typical maximum walking speed. The maximum
angular velocity of the stage was calculated to be 8.18 rpm. Through several iterations and with
an assumption of two evenly spaced motors, the design of the motor assembly was completed,
with results featured in Table 7 on the following page. The necessary torque per motor was
calculated to be just over 900 in-oz with a speed of 120 rpm. The contact pressure required by
each wheel is 36 lbf/wheel.
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Table 7. Results of Motor Calculations
Parameter
Number of Motors
Inertia (Unloaded)
Inertia (Loaded)
Maximum Velocity
Angular Velocity

Value

Unit
2 [-]

25.2 [lbf]

Motor Wheel Size

2.25 [in]

Motor Torque (Unloaded)

336 [in-oz]

5.13 [ft/s]

Motor Torque (Loaded)

907 [in-oz]

0.64 [rad/s]

Motor Speed

120 [rpm]

1,042,438 [lbm-ft ]
3.5 [mph]

60 [s]

Torque (Loaded)

9.3 [lbf]

Motor Force (Loaded)

TTS (loaded)

Torque (Unloaded)

Unit

2

115,826 [lbm-ft ]

10 [s]

Angular Acc (Loaded)

Motor Force (Unloaded)

Value

2

TTS (unloaded)
Angular Acc (Unloaded)

Parameter

Stage Speed

0.014 [rad/s2]
2

0.0043 [rad/s ]
51.3 [ft-lbf]

Requested Speed
Wheel CoF
Req'd Contact Pressure

8.18 [rpm]
0.86 [rad/s]
0.86 [rad/s]
0.7 [-]
36.0 [lbf]

128.6 [ft-lbf]

Next, analysis was completed on the motor shaft to verify that it could withstand the torque
applied by the motor itself. The drive shaft is 303 Stainless Steel with a yield strength of 60.2 ksi
and a diameter of ½”. These parameters yielded a factor of safety for the shaft of 2.9.
Safety, Maintenance and Repair Considerations
The overall safety of the design was reassessed after the prototype’s construction, as it was much
easier to evaluate safety concerns with a physical product than it was with theoretical
calculations. One of the biggest concerns was the exposed circumference of the stage. Two
tentative design ideas for a protective skirt were changing the stage top geometry to be polygonal
to allow for wood panels and using curved sheets of wood that would overlap and fit together
rigidly. However, both of these designs required elaborate plans for manufacturing and
assembly.
For the final stage, a skirt made of mass-loaded vinyl was used. The skirt was composed of three
strips that were attached to the stage using industrial strength Velcro. The use a flexible material
allowed for straightforward manufacturing and easy assembly. There was still a chance that
performers will catch their feet on the edge of the stage, but there was no simple way to
eliminate this hazard without a design that required a step circumventing.
After building the prototype, the overlap between stage top wedges was increased and the bolt
pattern was altered to increase the stage’s rigidity and safety. In addition, new caster locations
were added between the primary support planks for smoother transitions between stage leaves
and further diminishes the effects of any lack in stage rigidity.
The design does not require long-term maintenance concerns due to the brief nature of the
project. The stage was used in RSVP’s performances at the end of the May without any need for
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upkeep afterwards. Maintenance was performed during and between performances as deemed
necessary, and spare parts were purchased and on-hand during performances in the event of a
small part failure.
Material Selection and Part Sizing
After completing preliminary analysis of expected performance needs, component materials and
sizes were selected. The stage top is constructed of two layers of ¾” plywood to ensure that the
performers have a sturdy platform that will not bend or buckle under their weight. The final
design uses 1”x6” planks for the support frame so the casters are fully supported. Compared to
2”x6” planks, 1”x6” planks help keep the stage height as close to seven inches as possible (the
maximum requirement given by our sponsor). The stage utilizes hard thermoplastic rubber
casters that minimize noise while supporting loads of up to 375 lbs per caster.
All other part materials and sizes were selected based on the results of various calculations. For
example, the springs are meant to deflect at least ¼”, so a specific spring was selected to provide
the necessary contact pressure under that amount of deflection.
Cost Analysis
The total cost of the stage comes out to approximately $4,500. The team intended for some parts
purchased for the prototype to be reused in the final build, yet design improvements resulted in
virtually all of the prototype having to be retired after its test run.
Motors and related components totaled $750, structural parts came out to $2000, fasteners were
$250, and the marley flooring was $650. The total of all the parts together was $4,500 when
accounting for tax and shipping. A more detailed look at the budget for the final stage may be
reviewed in Appendix G.
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Chapter 6: Manufacturing Plan
Detailed Description
Manufacturing for the stage was guided by a succession of problems and respective solutions
that arose during the prototype build. The manufacturing of the stage is broken down into a few
subassemblies which come together in the final assembly. Namely, these subassemblies are:
1. Support Frame
2. Motor Drive Assembly/Electronics
3. Stage Top
Support Frame
The support web is the stationary base which constrains the stage top, supports it with casters,
and holds the motor drive assembly. Figure 14 shows a CAD image of the support frame
including the motor drive assemblies. This CAD is for an earlier version of the stage. It has been
altered (as seen later) for the final stage by placing planks between each of the primary support
planks shown and redistributing the casters.

Figure 14. CAD for the Support Frame
The materials required for the support web of the prototype and the final design are listed in
Table 8.
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Table 8. Materials for Support Web
Material
Procurement
1” x 6” Birch Lumber
40 4” Thermoplastic Rubber Casters
Birch Plywood
16 Gauge Sheet Steel for Brackets
¼-20 ID Threaded Inserts
¼-20 Bolts
Wood Screws
Pipe in Pipe Metal Support

Purchased - Home Depot
Purchased - Home Depot
Purchased - Mayan Hardwood
Purchased - Home Depot
Purchased - Fastenal
Purchased - Ace Hardware
Purchased - Ace Hardware
Purchased - Speedy Metals

The fabrication and assembly of this piece involved:
1. Designing and laser-cutting jig for the central base
2. Cutting the base using a hand router
3. Cutting the 1”x6” planks to length
4. Placing casters perpendicular to the center and fastening to the planks with wood glue
and wood screws
5. Match-drilling holes for threaded inserts for both brackets and motor mounts
6. Adding threaded inserts, bolting down brackets, and wood screwing to adjacent planks
7. Welding the center pipe onto a round disk of steel and attaching to the middle of the base
with wood screws
On the following page is a photograph showing the fully-assembled web in Figure 15.
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Figure 15. Photo of the Completed Web Structural Assembly
Motor Drive Assembly
The motor assembly’s base plate is mounted to the support frame. The drive wheel maintains
contact pressure with the stage top with the compression of helical springs, which span between
the base plate and the motor mount plate. A close-up of the motor assembly is on the following
page in Figure 16. The stage has two of these motor assemblies symmetrically bolted on planks
on opposing sides of the center hub. While all of the main components were used with no
modifications, some machining was required for the bearing support blocks, motor mount plates,
and base plates.
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Figure 16. CAD Rendering of Motor Assembly
Table 9 below contains the procurement methods for all of the materials in the motor assembly.
Table 9. Materials for Motor Assembly
Material
Procurement
Wheels
Shaft Key
Drive Shaft
Aluminum (Mounting Plates & Blocks)
Self-Aligning Bearings
Set Screw
Motors
Helical Springs

Purchased - Sunray
Purchased - McMaster Carr
Purchased - McMaster Carr
Purchased - McMaster Carr
Purchased - McMaster Carr
Purchased - Sunray
Purchased - Motion Dynamics
Purchased - Century Spring

The bearing support blocks and mounting plates were machined to size on a mill and tapped by
hand. Besides basic machining of plates and blocks, parts were used as-is from vendors.
Assembling the motor subsystems involves:
1. Bolting the motor face-plates to the motor, and then to the upper plate
2. Pressing the drive wheel and key onto the drive shaft, running through the bearings, and
bolting to bearing blocks
3. Bolting the bearing blocks to the upper plate so that the drive shaft engages with the
built-in motor coupler
4. Tightening down set screws
5. Bolting the base plate into threaded inserts on support planks
6. Adding springs between bolt holes connecting top and bottom plate
7. Tightening down bolts, adding enough pre-load to the springs to maintain contact force
while keeping the drive wheel slightly above the height of the rest of the casters
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There was a slight difficulty with tightening the spring-loaded bolts. In potential future designs,
it is advised to place these bolts and their respective hole locations on the plates in different
locations, so they may be more accessible for assembly and disassembly.
Stage Top
The stage top assembly is comprised of nine double-layered plywood leaves, which are bolted
together and located to the support frame with a central hub. Each leaf has a 45 degree overlap,
which improved the overall sturdiness of the stage compared to the smaller prototype. Figure 17
contains a CAD image of the stage top, and Figure 18 shows a detail of a single leaf, made from
two pieces of plywood.

Figure 17. CAD Rendering of Stage Top
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Figure 18. Detailed View of a Single Leaf
Each leaf of the stage was made from two pieces of ¾” birch and pine plywood, which were cut
using a circular saw for the straight edges and a handheld router for the curved edges. These two
pieces were adhered together with a 45 degree offset using wood glue. The bolt holes that attach
the leaves together were match drilled to ensure the best fit. Threaded tee-nuts were hammered
into the bottom holes so that the leaves could be repeatedly bolted together with little hassle.
Table 10 below contains the procurement methods for all of the materials in the stage top. And
although the pictures shown on the following page are from an early assembly performed on the
ground, standard stage top assembly occurs on top of the support web.
Table 10. Materials for Stage Top
Material
Procurement
Birch and Pine Plywood Purchased - Mayan Hardwood
Pipe for Center Hub
Purchased - Speedy Metals
Tee-Nuts
Purchased - Fastenal
Sidewalk Bolts
Purchased - Fastenal
Assembling the stage top involves:
1. Placing the leaves together in a circle such that the numbered edges match to ensure that
each leaf is bolted to the same leaves every time
2. Bolting adjacent leaves together
3. Attaching the pipe-location piece in the center, nudging the stage top to ensure it is
properly aligned to the bottom pipe
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Figure 19. Step 1 of Stage Top Assembly, Placing Leaves in Numerical Order

Figure 20. Step 2 of Stage Top Assembly, Bolting the Leaves Together
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Figure 21. Step 3 of Stage Top Assembly, Attaching Center Hub to the Stage Top
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Chapter 7: Design Verification Plan
After manufacturing, each assembly’s performance was tested. Based off Dr. Barata’s
requirements, the stage had to be almost silent during operation in a quiet room, spin at a
constant speed without variation caused by loading, be easy to assemble, and be safe and
comfortable to step on and off. The requirements and results of each test are described in detail
below.
1. Motor/Controls System
The motor control system was soldered together to the power supply and motors. The
motors had to apply sufficient torque to maintain constant rotational speed at any given
input. The system also had to shut down quickly in the event of an emergency.
The motor system was controlled by the operator with a potentiometer on the control box.
There was slight speed drop off when performers mounted the stage, but it did not
necessitate an overhaul of the control system. There were problems with back-EMF
causing motor controllers to fail. This ceased to be a problem once a flyback current
diode was added to the electrical system.
2. Sound Level
The turntable had to produce a negligible amount of noise when running at its maximum
speed in a quiet room. If noise was audible from the audience, the turntable would be
taking away from the performance.
The sound level of the stage was not noticeable at its operating speeds, especially with
the near constant presence of music.
3. Ease of Assembly
Assembly and disassembly could each take no longer than one hour to complete. The
stage had to be broken down into small pieces to be transported across campus. This also
had to be done without compromising the strength and performance of the assembly.
With practice, the team was able to take down the stage in about 15 minutes and put it
together in about half an hour.
4. Ergonomics
For the stage to be easily used by actors, dancers, and musicians, it had be comfortable
and safe for them to mount, dismount, and perform on. To facilitate this, the stage had to
be shorter than 1’.
Performers remarked that the stage felt sturdy and was fun to perform on. The stage’s
final height was 9”, which was below the maximum acceptable height of 12”.
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5. Safety
All hazardous items (electronics, moving parts, etc.) had to be isolated from performers.
The stage needed to hold at least 6 stationary performers (~150 lbs each) with a factor of
safety of 2. The stage needed to support at least 4 moving dancers.
A weighted vinyl skirt was attached around the perimeter of the stage with industrialstrength Velcro. The skirt was easy to attach and sturdy enough to provide safety for
performers.
6. Edge Speed
The maximum edge speed of the final stage was required to be approximately a walking
pace.
The edge speed could be greater than walking speed with the motor control assembly, but
we never ran it beyond that. If the stage were sold, there would need to be a mechanical
or electrical stop preventing the operator from running the stage at unsafe speeds.
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Chapter 8: Project Management
The timeline for the project design process was established through both the ME Senior Project
syllabus and the load-in, rehearsal, and performance dates for RSVP. The workload consisted of
planning and ideation in the fall; analysis and preliminary manufacturing in the winter; and final
manufacturing, testing, rehearsing, and performing in the spring. Table 11 shows the timeline of
the completion of this project.
Table 11. Timeline of Completion of Stage
Major Deliverables
Tasks
Intended Date
Preliminary Design Review
Critical Design Review
Manufacturing & Test
Review
Load-In Weekend
Final Design Review
RSVP Performances
Senior Project Expo

Actual Date

Brainstorming/Ideation
Decision Matrix
Strength/Sizing Calculations
Prototyping
Selecting Parts/Material
Computer Modeling
Manufacturing Plan
Safety Review
Ordering Parts
Manufacturing
-

10/16-10/20
10/20
11/14
11/16-1/11
1/18-1/23
1/25
1/30
1/30
2/6
2/15
2/15
3/1-4/12
3/13

10/16-10/20
10/20
11/14
11/16-1/11
1/18-1/23
1/25
1/30
1/30
2/6
2/15
4/3-4/15
4/19-5/16
3/13 and 4/1

Testing

5/1-5/17
5/18-5/20
5/21-5/24
5/25-5/28
5/29 & 5/31
5/29 & 5/31
6/1

5/13-5/20
5/19
5/21-5/24
5/25-5/28
6/8
5/29 & 5/31
6/1

Pick-up Rehearsals
Big Rehearsal Weekend
-

Deviations from Schedule
Deviations from the planned schedule of this project were largely funding-based. The team
received funding from the CP Connect Grant on 3/15, pushing the ability to order parts back a
month. This grant money also influenced most of the design decisions as the quality and size of
the stage was dependent on how much funding was available. Upon receiving this funding, the
materials list was finalized and parts were ordered starting at the beginning of April. Most of
these parts began to arrive mid-April, which allowed the team to begin the manufacturing of the
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stage of the project. After the stage was manufactured in a quick time frame to make up for the
time lost on ordering delays, the schedule proceeded as was originally intended.
The schedule was also held up by an unexpected need for a building permit brought to the
attention of the team on 4/12. Without the approval of this permit, the stage would not be able to
be used on Cal Poly’s campus. The application had to be completed immediately, which further
delayed the ordering of some final parts for the stage that depended upon the application’s
approval. The permit was ultimately granted and the stage was operational for all of RSVP’s
rehearsals.
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Chapter 9: Conclusion
This report documents the research and ideation performed in fall quarter, the design changes
and prototype manufacturing completed in winter quarter, and the final manufacturing, testing,
and operation completed in spring quarter. Preliminary design ideas seemed to be sufficient for
attaining the performance goals of the turntable, but upon meeting with Clint Bryson from the
Theatre & Dance Department, significant changes were made to produce a cohesive design that
would be safer and more realistic to manufacture and operate.
These design decisions discussed with Clint were prototyped into a scaled version of what was to
be the final design. Several issues were identified in the process of manufacturing and testing this
prototype. Further design changes and refinements were made which led to the final turntable
being completely successful in both RSVP performances.
The ultimate design was described in detail including the manufacturing process. This
description includes how each assembly was created, how they interface with one another, and
how to assemble the entire turntable. This report discusses the testing of each of these assemblies
and the timeline of how the stage was created.
Further Development
Despite difficulties throughout the design process, the turntable was performance-ready and
simple to assemble. The stage was unique and had a short life due to the limited number of
performances of RSVP. The stage will be passed onto the Theatre and Dance Department either
for use in performances or for raw materials.
There is still opportunity to improve the stage design. Mechanically, the motor assemblies could
be further refined to increase contact pressure and facilitate assembly and disassembly.
Electrically, the control system could be made more robust and user friendly by including an
upper limit for speed and more electrical safeties preventing the motor controllers from
becoming overloaded. The electrical system could potentially be simplified and sealed away in a
box with straightforward connections to the power supply, motors, and control box if the stage
were to be sold to a third party.
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Appendix A - Quality Function Deployment Chart (QFD)
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Appendix B - Decision Matrices
Concept Design Development

Criteria
Easily Variable Speed
Robust/Withstands Loads
Price
Size
Impact on Turntable Size
Sound
Ease of Implementation
Set-Up/Tear-Down
Power Transferred
Safety
Total

Motor-Table Interface
Concepts
Interior Rim- Exterior RimGear-Driven Pulley-Driven
Driven
Driven
0
0
-1
0
-1
0
0
-1
1
0
-1
-1
0.5
-1
-1
DATUM
-0.5
1
0
0
-1
-1
0.5
-1
-1
0
1
0.5
0
-1
0
0.5
-5
-3.5
Stage Location

Criteria
Robust/Withstands Loads
Price
Impact on Turntable Size
Sound
Safety
Ease of Manufacturing
Set-Up/Tear-Down
Total

Criteria
Least Damaging
Robust/Withstands Loads
Price
Safety
Set-Up/Tear-Down
Total

Concepts
Stationary Shaft Rotating Shaft Track
0
1
0
-0.5
0
0
0
-0.5
DATUM
0
0
-0.5
1
-0.5
1
-1
2
Anchor-Floor Interface
Concepts
Big Weight Big Weight
Suction cup
for Shaft
for Track
-0.5
-1
1
1
-0.5
-0.5
DATUM
0.5
0.5
-1
-1
-0.5
-1

Cone
1
-1
-1
0
0.5
-1
0
-1.5

High-Friction
Mat'l
0
0
0
0
-0.5
-0.5
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Appendix C - Preliminary Analyses
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Appendix D - Concept Layout Drawings
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Appendix E - Prototype Purchased Part Details

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Appendix F - Final Purchased Part Details
LIST:
Control Cable
AC to DC Converter
Power Cables (Black/Red)
Motors
Motor Controllers
A-90 Springs
B1-15 Springs
Motor Mount Screws
Motor Mount Nuts
Top Platform Sidewalk Bolts (Same as prototype)
Tee Nuts (Same as prototype)
Threaded Inserts
¼”-20 Hex Bolts
1" by 6" Planks (Same as prototype)
Wood Glue (tub) (Same as prototype)
Casters
4' by 8' Plywood (birch)
4' by 8' Plywood (pine)
1/2" Keyed Steel Shaft
1/2" Pillow Block Ball Bearings
Aluminum Motor Support
Motor Support Screw
Aluminum Bearing Support
Bearing Support Screws
DC In-Rush Current Limiter
Diode
Spade Terminals
Male Quick Connects
Female Quick Connects
Key Stock
Marley Floor
Pipe Discs (Center Hub)
Inner Pipe
Outer Pipe
Motor Wheels
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Control Cables

70

AC to DC Power Converter
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Power Cables (Black and Red)

72

Motor

Motor Controller
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74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

A-90 Springs

90

Motor Mount Screws

91

Motor Mount Nuts

92

Threaded Inserts

93

Center Hub Bolts

94

Caster

95

½” Keyed Steel Shaft

96

97

½” Pillow Block Ball Bearings

98

99

Aluminum Motor Support

100

101

Motor Support Screws

102

103

Aluminum Bearing Support

104

105

Bearing Support Screws

106

107

DC In-Rush Current Limiter

108

Diode

109

110

111

Spade Terminals

112

Males Quick Connects

113

Female Quick Connects

114

Key Stock

115

116

Marley Floor

117

Pipe Discs (Center Hub)

118

119

120

Inner Pipe

121

122

Outer Pipe

123

124

Motor Wheel
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Appendix G - Budget
Item
Control cable
AC to DC Converter
Power Cables
(BLACK)
Power Cables (RED)
Motors
Motor Controllers
Springs
Springs
Motor Mount Screws
Motor Mount Nuts
Top Platform Screws
Tee Screws
Threaded Inserts
Reg. Bolts
1" by 6" Planks
Wood Glue (tub)
Caster
4' by 8' Plywood
(birch)
4' by 8' Plywood (pine)
1/2" Keyed Steel Shaft
1/2" Pillow Block Ball
Bearings
Aluminum Motor
Support
Motor Supports
Screws
Aluminum Bearing
Support
Bearing Support
Screws
Key Stock
DC Inrush Current
limiter
Diode
Spade Terminals
Male Quick connects
Female Quick
connects
Marley Floor
Carpet Tape

Part #
N/A
RCL69014RC

1

Cost/Piece
$12.99

Total
$12.99

1

$249.99

$249.99

Mcmaster Carr
Mcmaster Carr
MotionDynamics
Robot Shop
CenturySpring

2
2
3
1
11

$5.35
$5.35
$74.35
$33.13
Various

$10.70
$10.70
$223.05
$33.13
$45.00

10
6
10
60
1
5
3
14
1
40

$2.90
$0.16
$0.68
$22.50
$14.53
$37.14
$3.58
$17.97
$9.78

$17.40
$1.60
$41.07
$22.50
$72.65
$111.42
$50.12
$17.97
$391.20

5

$59.56

$297.80

N/A
1497K9

CenturySpring
Fastenal
Fastenal
Fastenal
Fastenal
Fastenal
Fastenal
Home Depot
Home Depot
Home Depot
Mayan
Hardwood
Mayan
Hardwood
Mcmaster Carr

5
2

$45.96
$17.42

$229.80
$34.84

5913K61

McMaster Carr

4

$10.95

$43.80

9246K472

McMaster Carr

2

$50.74

$101.48

92220A166

McMaster Carr

1

$10.41

$10.41

9246K71

McMaster Carr

1

$67.82

$67.82

90665A188
98491A100

McMaster Carr
McMaster Carr

2
1

$10.34
$1.09

$20.68
$1.09

Amazon

1

$8.85

$8.85

Digikey

3

$1.61

$4.83

Digikey

10

$0.43

$4.32

Digikey

25

$0.22

$5.50

DIgikey
RubberFlooring
RubberFlooring

25
3
1

$0.28
$180.12
$20.99

$7.02
$540.36
$20.99

6659T18
6659T18
DAYG10080
RB-Cyt-133
#A-90
#B1-15
40009
40155
11106590
1137965
123233
1119905
914770
107243
206603234
N/A

SL32 1R025
VFT3045BPM3/4W-ND
WM18741ND
A105455CTND
A27831CTND
N/A
N/A

Company
Amazon
HobbyTown

Qty
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Item
Fuses
Pipe Discs (center
hub)
Inner Pipe (for inner
shaft)
Outer Pipe (for outer
shaft)
Motor Wheels
Motor Shippping

Part #
0695015.U

Company
Mouser
Electronics

Qty

Cost/Piece

Total

10

$1.15

$11.50

45p.25-12x12

Speedy Metals

1

$16.82

$16.82

dom3.5x.188

Speedy Metals

1

$19.55

$19.55

Speedy Metals
Sunray
MotionDynamics

1
2
1

$20.20
$101.21
$86.80
Subtotal
Expected Tax
Contingency
Contingency
Shipping
Grand Total:

$20.20
$202.42
$86.80
$3,068.37
$253.14
$0.20
$664.30
$400.00
$4,385.81

dom4x.188
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Appendix H - Final Analyses
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Appendix I - Safety Hazard Checklist, FMEA
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Appendix J - Gantt Chart
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Appendix K - Copy of Notes from Meeting 9/29/17
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Appendix L - Functional Decomposition
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Appendix M - Operation Manual
User Manual - Turntable Stage
Summary/Purpose
The intended purpose of this device is to be a 12 foot in diameter stage that holds up to four
moving actors or six stationary actors and rotates at a maximum of 4 mph at the outer edge.
Assembly
This stage was designed with the intent of making assembly easy and repeatable.
1. Web:
a. Connect all of the leaf legs to the center hub with bolts, ensuring that the numbers
on the planks match the numbers on each side of the center hub

b. Attach inner and outer support planks between the corresponding numbered legs
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c. Wire motor assemblies to power supply (motor assemblies should be pre-attached
to the web already) by connecting the power assembly to both motor controllers
and subsequently the motor controllers to the motors. Note: Prior to doing this
ensure that the power supply is off and not connected to power.

2. Stage Top:
a. Lay two adjacent leaves next to each other, ensuring the numbers match

b. Bolt together using the sidewalk bolts.

c. Move two leaves on top of the casters, roughly centering them to the pipe on the
base
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d. Add the next leaf to the leaves resting on the casters and bolt down, repeating
until the stage top is complete

When it is finished, the center numbers should look as such:

e. Attach top of center hub to the middle of the stage, then cover the pipe with the
round vinyl pieces to make this section flush with the rest of the stage
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f. Affix mass loaded vinyl skirt to the Velcro on the outer rim of the stage and tape
down marley floor to the top of the stage
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Prior to Operation
For Performers
● Always be aware of your position relative to the stage. The stage and power cords present
trip hazards that may cause serious injury to yourself or others if you do not pay attention
at all times.
● If the stage seems to be operating unsafely, do not get on the stage
● Always be cautious while stepping off the stage and try not to move erratically.
For Operators
● Ensure all power is off prior to assembly.
● Always be attentive during operation. If there is any question about the performance of
the stage, err on the side of safety and halt operation as quickly and safely as possible.
● Do not operate above the maximum recommended speed.
● Make sure speed is increased at a reasonable pace such that the electrical system does not
overload and users do not fall.
Operation

1. Ensure any performers on the stage are aware and have braced for movement of the stage
prior to power up.
2. Operate the control box with two hands to prevent loss of control during runtime.
3. If the stage environment is unsafe at any time during operation, gradually decrease the
input on the black dial by rotating it counter-clockwise until the stage comes to a stop.
4. Underneath the stage, flip on the red ON switch on the power supply.
5. On the control box, flip on the white ON switch.
6. Using the black dial in the middle of the control panel, slowly turn the knob clockwise
until a click is heard to initiate power flow to the motors. There is a small portion of the
knob’s range of rotation where the stage will not rotate. Bring the knob slowly past the
“START” mark and the stage will begin to move at a slow rate.
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7. To increase the speed of the stage, slowly turn the knob clockwise until the desired speed
is achieved.
Note: The stage may take some time to reach the speed designated by the
speed knob. Always be patient and allow the stage to reach designated speed
before turning the speed knob further.
8. To slow the stage, turn the knob counterclockwise until the desired speed is achieved.
Again, the stage can take significant time to slow down to the designated speed.
9. To stop the stage, continue turning the speed knob counterclockwise until a click is heard.
After the click is heard, it is safe to turn the power switches on the control box and power
supply OFF.
Upkeep (Maintenance & Replacements)
If an operator or performer notices that the stage is not performing up to par, disassemble the
stage between uses to try to identify the source of the malfunction. Visually inspect casters,
motor assemblies, and support web planks to see if any of those could be the source of system
failure. Make adjustments and replace parts as necessary to bring the system back to working
condition. Ensure all connections are secure before placing the stage top back on the supports.
Warnings
In the event of a system malfunction, ensure all performers get off the stage quickly and safely.
If there is no chance to notify the performers to vacate the stage, activate the emergency stop on
the controller to bring the stage to rest. Ensure the safety of performers and everyone in the
immediate vicinity before attempting to make alterations to the stage.
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ITEM PART NUMBER
DESCRIPTION
QTY.
NO.
1
1100
Motor
1
2
1003
Base Plate
1
3
1004
Top Plate
1
4
0001
Drive Wheel
1
5
0002
Bearing
2
6
1001
Bearing Support
2
7
90665A188
90665A188
4
8
97972A113
97972A113
4
9
1005
Dowel
4
10
1002
Motor Mount Plate
2
11
92220A166
92220A166
4
12
90576A115
90576A115
3
13
92981A207
92981A207
3
14
0003
Drive Shaft
1
15
1007
Key
1
16
B1-15
B1-15 Spring
4

PART #1000

Title: MOTOR SUBASSEMBLY

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 6/7/18

Chkd. By: ME STAFF

Scale: 1=5
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2x 1/4-20 UNC
1.25 .905

.66

2.67

2.00
NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: 6061 ALUMINUM

4.00

2x 3/8-16 UNC
.625
.75
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2.50

Part # 1001

Title: BEARING SUPPORT

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 6/29/18

Chkd. By: ME STAFF

Scale: 1=1
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NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
.75
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: 6061 ALUMINUM

5.00
4.54
2.88
3X

8MM

.355

.31
2.00
4.00

.375

.75

2X 10-24 UNC
1.00

.188
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PART #1002

Title: MOTOR MOUNT PLATE

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 5/29/18

Chkd. By: ME STAFF

Scale: 2=3
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.375

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: 6061 ALUMINUM

8X 1/4-20 UNC THRU

4.00
.375

.25

.375
1.875

8.40
10.25
10.50
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PART # 1003

Title: BASE PLATE

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=2

Chkd. By: ME STAFF
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4X

.26

4X 3/8-16 UNC
4X 10-24 UNC

4.00

.75
.375

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: 6061 ALUMINUM

.375
1.375
6.75
8.00

1.82

8.40
10.50

.375
Cal Poly Mechanical Engineering Lab Section:

ME 430 - SPRING 2018

Dwg. #:

PART #1004

Title: TOP PLATE

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=2

Chkd. By: ME STAFF
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NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: 303 STAINLESS STEEL

.250

1.60
1/4-20 EXTERNAL THREAD
0.375
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PART #1005

Title: DOWEL

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 4=1

Chkd. By: ME STAFF
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1/16"
Key
Depth

1/8"
Key Width

9"

-0.0010
1/2" -0.0025

PART
NUMBER

Straightness Tolerance is 0.012" per Foot

http://www.mcmaster.com
© 2012 McMaster-Carr Supply Company
Information in this drawing is provided for reference only.

1497K9

Fully Keyed
Drive Shaft

150

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: ZINC-PLATED STEEL
.125

3.25
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.125

PART #1007

Title: KEY

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=2

Chkd. By: ME STAFF
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3 3/8"
1/2"

11/32"

10-32
Set Screw
2 43/64"

1 1/8"
55/64"

1 23/32"
7/8"

1/8"

+0.0000
0.5" -0.0003

31/32"
PART
NUMBER
http://www.mcmaster.com
© 2017 McMaster-Carr Supply Company
Information in this drawing is provided for reference only.

5913K61

Low-Profile
Mounted Ball Bearing
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5
6

3
7

2
4
ITEM
NO.
1
2
3
4

10

8
9
1
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PART NUMBER
DESCRIPTION
QTY.
2004
Decagon Base
1
2001
Leg
10
0004
Caster
30
1000
Motor Subassembly
2

5
6
7

2005
2006
0005

Upper Leaf
Lower Leaf
Power Supply

9
9
1

8

2003.2

Bottom Pipe in Pipe

1

9

2003.1

Top Pipe in Pipe

1

10

0006

Motor Controller

2

PART #2000

Title: Full Assembly

Nxt Asb:

Date: 6/7/18

Drwn. By: LIAM MARTINEZ
Scale: 1=30

Chkd. By: ME STAFF

153

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= 0.10
ANGLES= 5
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: PINE

5.50

54.00
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.75

PART #2001

Title: SUPPORT LEG

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=10

Chkd. By: ME STAFF
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1.50

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= 0.10
ANGLES= 5
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: REDWOOD

2.50

3.75
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PART #2002

Title: CASTOR SUPPORT

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 5/29/18

Chkd. By: ME STAFF

Scale: 1=1
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10X

.25

3.50

5.50

6.50

.188
NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: CARBON STEEL COLD DRAWN 1045

5.00

.25
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PART #2003.1

Title: TOP PIPE IN PIPE

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 6/7/18

Chkd. By: ME STAFF

Scale: 1=2
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6X

.25
4.00

5.50

6.50

.188

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= .01
X.XXX= .003
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: CARBON STEEL COLD DRAWN 1045

5.00

.25
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PART #2003.2

Title: BOTTOM PIPE IN PIPE

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 6/7/18

Chkd. By: ME STAFF

Scale: 1=2
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.75

36.00

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= 0.10
ANGLES= 2
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: BIRCH PLYWOOD

10X 36°
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PART #2004

Title: DECAGON BASE

Drwn. By: LIAM MARTINEZ

Nxt Asb:

Date: 5/29/18

Chkd. By: ME STAFF

Scale: 1=5
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7.50°
R72.00

2.50°
7X

.25

R70.00
R61.00
R52.00
R43.00
R34.00
R25.00
R16.00

NOTES
UNLESS OTHERWISE SPECIFIED:
1.
ALL DIMENSIONS IN INCHES
2.
TOLERANCES:
X.XX= 0.10
ANGLES= 1
3.
INSIDE TOOL RADIUS .01 MAX
4.
BREAK SHARP EDGES .01 MAX
MATERIAL: BIRCH PLYWOOD
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R6.00

PART #2005

Title: UPPER LEAF

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=15

Chkd. By: ME STAFF
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17.50°
12.50°

7X

.25

R72.00

R70.00
R61.00
R52.00
R43.00
R34.00
R25.00
R16.00

R2.00
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PART #2006

Title: LOWER LEAF

Nxt Asb:

Date: 5/29/18

Drwn. By: LIAM MARTINEZ
Scale: 1=15

Chkd. By: ME STAFF
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